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Abstract 



The invention concerns a composite ion exchange membrane based on 
the mkroporous polypropylene film and preparation method thereof. The ion 
exchange membrane possesses excellent electrochemical, mechanical and 
chemical stabilities. Tensile strength is 60-90 Mpa, folding angle is typically 0', 
surface resistance is generally less than 5 Q.cm 2 ( 0.5 aqueous NaCl 
solution), and selective static migration constant of ion is generally more than 
0.85 (0.5 N/1 .0 N NaCl solution), and aqueous swellability is 0-5%. In addition, 
it is acid-resistant and alkali-resistant. The ion exchange composite membrane 
may be obtained by polymerizing microporous polypropylene film with 
monomer having or able to introduce ion exchange groups and proper 
treatment. It may be used in separating process such as desalting-purification, 
concentration, diffusive dialysis, pressure filtration, pervaporation and the like, 
electrochemical preparation and fuel battery. 
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Description 

An Ion exchange Membrane Based on the Microporous Polypropene 
Film and Preparation Method thereof 

5 

The invention concerns a composite ion exchange membrane based on the 
microporous polypropylene film and preparation method thereof. 

Ion exchange membrane :s broadly applied in industry, and particularly in 
desalting-purification, concentrating-separation, reaction preparation based on 
10 electrodialysis, diffusive dialysis, pressure filtration and the like, which has 
achieving a quite high level. The basic requirements on property of ion 
exchange membrane include high conductivity and selective permeation of ion, 
excellent mechanical properties (mechanical strength, flexibility and 
morphological stability) and chemical stability. The requirements of these 
15 properties are always mutual restraint, and therefore the preparation of ion 
exchange membrane with good combined - properties has received wide 
attention. The ion exchange membrane prepared solely with ion exchange resin 
may have excellent electrochemical property, but its mechanics property is 
poor, winch makes it difficult to use it in. practice. A method combining ion 
20 exchange resin and. other materials is generally used. For example, a method 
crossbl ending ion exchange resin and other polymer is used to prepare 
composite membrane. In practice, some microporous material such as glass 
fibre cloth, synthetic fiber cloth, macromolecule porous membrane is often 
used as basal lamina, into which ion exchange resin is then introduced to make 
25 composite ion exchange membrane. Because the pore size of these basal 
lamina are relatively large, for example, up to several ten to several hundred 
micrometers, the local mechanical property of the membrane is still undesired. 
It has been reported that a composite ion exchange membrane is prepared by 
using microporous polypropene film under the name of Celgard® as basal 
30 lamina[JP-A No. sho 51-103089, B. Glad and K. Lrgum, J. Membrane Sci., 67, 



289 (1992)]. This ion exchange membrane has a typical pore size less than 1 
micrometer, but its mecfianical property is poor in uniformity, and 
particularly in transverse strength. In addition, it has a relatively large degree 
of swelling (>10%) in landscape orientation in aqueous solution, and low 
permeation selectivity for ions;. 

Therefore an object of the present invention is to provide a new composite 
ion exchange membrane with good combined properties developed by 
overcoming disadvantages existing in prior art, and preparation method thereof 
Hie ion exchange membrane according to the present invention is 
consisted of a basal lamina and crosslinking polyelectrolyte (ion exchange 
resin) combined thereon. In present invention, a microporous polypropylene 
film with high performance in both mechanical properly and air permeability 
prepared by biaxes stretching method (see Chinese Patent CN 1017682B) is 
used as basal lamina to perform combination. To ensure a high compound 
quantity, the tensile strength in each direction of microporous film is 60-150 
Mpa, and the porosity is typically 20-60%(volume percentage), preferably 
more than 30%. The pore size is generally 0.00140 un% and mostly distributed 
in 0.005-1 um. A small pore size will result in a dcrease of electrical 
conductivity, while a large pore size causes both mechanical property and 
permeation selectivity for ion decreasing. The uniformity of pore size should 
be high in order to avoid cracking and ensure a good mechanical property. The 
thickness of microporous film varies depending on demand and is normally 
between 15 urn and 50 um. 

The composite ion exchange resin according to the present invention may 
be strong or weak acid type cation exchange resin or strong or weak alkali type 
anion exchange resin. The compound quantity is 20-70% by weight, preferably 
more than 30% by weight, The ion exchange capacity of the ionexchange 
membrane is 1.5-7.0 meq/g. 

The ion exchange membrane according to the present invention is high in 
electrical conductivity and permeation selectivity for ion, wherein the surface 



resistance is in the range of 0.01-20acm 2 (0.5N, aqueous NaCl solution), 
generally less than 5Q.cm 2 , and the static migration constant of perm-selective 
ion is between 0.80 and 0.99 (0.5N NaCl/1.0 N NaCl aqueous solution), 
typically more than 0.85. 

The ion exchange membrane according to the present invention posesses a 
good mechanical property, wherein mechanical property in the membrane is 
uniform and the tensile strength at room temperature is normally up to 60Mpa, 
upmost to 150Mpa; the elongation at break is typically no less than 20%, 
upmost to 150-200%; Young's modulus is 1.0-3.0Gpa; and the folding angle is 
at most 45°, typically 0°. 

The ion exchange membrane according to the present invention is good in 
swelling resistance in aqueous solution, and the degree of swelling is 0-5%, 
typically less than 3.0%. Because polypropylene material is applied as basal 
lamina, the ion exchange membrane accroding to the present invention is 
therefore excellent in acid/alkali resistance. 

The preparation process of the composite ion exchange membrane 
according to the present invention includes an one-step method and a two-step 
method. 

The process of one-step method is described as the following: 

(1) Mixing one or more kinds of monomer with ion-exchange group and 
other accessory ingredients to i:brm a mixed solution, 

(2) Dipping a microporous: polypropylene film in the mixed solution, 

(3) An ion exchange ;nembrane is obtained by polymerizing the 
monomers in the microporous film, and the resulting membrane can be used 
after washing. 

The process of two-step method is described as follow: 

(1) Mixing one or more kinds of monomer able to introduce ion exchange 
groups, and other accessory ingredients to form a mixed solution, 

(2) Dipping a microporous polypropylene film in the mixed solution, 

(3) Original type composite membrane is obtained by polymerizing the 



monomers in the iracroporous film, 

(4) An ion exchange membrane is obtained by introducing ion exchange 
groups into the original type composite membrane, and the resulting membrane 
can be used after washing. 

In the preparation method accroding to the present invention, the 
monomers having or able to introduce ion exchange groups may be addition 
polymerization type (for short addition type) or condensation polymerization 
type (for short condensation type). Correspondingly the type of polymerization 
may be addition polymerization (including co-polymerization) and 
condensation polymerization (including . co-polycondensation). The 
polymerization method comprises polymerization with initiator, 
polymerization initiated with tfiermo, polymerization initiated with UV ray or 
polymerization initiated with radiating of y-ray. 

The monomers having or able to introduce ion exchange groups according 
to the present invention may be selected from the group consisting of styrene, 
p-styrene sulfonate, chloromethyl styrene, ^-aminostyrene, p-methylamino 
styrene, p-dimefhylamino styrene, vinyl pridine, 2-methyl-5-vinyl pridine, 
acrylic acid, methyl acrylate, ethyl acrylate, butyl acrylate, glycidyl acrylate, 
methylacrylic acid, glycidyl methylacrylate. The condensed type monomer 
having or able to introduce ion exchange groups used in the present invention 
may be selected from the group consisting of sulfocarbolic acid, p- 
hyoxybenzylsulfonic acid, ohydroxybenzoic acid, aniline, m- 
phenylenediamine, ethylenediamine, diethylene triamine, tetraethylene 
peatamine, p-methyl phenylsulfonic acid, melamine, guamdine carbonate, 
dicyandiamide, ethyleneimine, dimethyl(4-hydroxybenzyl)amine, /M-rnethyl 
phenthylamine and formaldehyde, polyformaldehyde, ethanedial, furaldehyde 
and acetone. 

The accessory ingredients used in the preparation of the mixed solution 
of monomers according to present invention may be one or more selected from 
initiator, cross-linking agent, flexibilizer, plasticizer, inorganic or organic 



solvent. The initiator is a common initiator, for example azo type initiator such 
as azodiisobutyromtrile, peroxide type initiator such as benzoperoxide. The 
amount of initiator used in the mixed solution varies depending on the type of 
monomer, and is typically in the range of 0-5%. An excess of initiator would 
influence the property of composite ion exchange membrane while a 
deficiency of initiator results in the prolongation of polymerization process. 
The cross-linking agent may be selected from the group consisting of 
divinylbenzene, butadiene, ethylene glycol dimethylacrylate, diethylene glycol 
dimethylacrylate, triethylene glycol dimethylacrylate, divinyl ether, phenol, 
cresol, resorcin. The content(weight) of the cross-linking agent in the mixed 
solution is between 0% and 40%. An excess of cross-linking agent in the 
mixed solution would decrease the flexibility and electrical conductivity of the 
membrane. The flexibilizer used in the present invention may be butadiene, 
styrene and the amount (weigit) thereof in the mixed solution is between 0% 
and 40% so as to ensure an excellent mechanical property of the ion exchange 
membrane. The plasticizer used in the present invention may be a common 
plasticizer such as dioctyl phthalate, dibutyl phthalate, and triphenyl phosphate. 
The amount (weight) of plasticizer in mixed solution is between 0% and 30% 
so as to ensure a good mechanical property and machinability of the original 
type composite membrane and the ion exchange membrane. The inorganic or 
organic solvent may be a common solvent such as water, carbon tetrachloride, 
ethylene tetrachloride or dichtoroethane and the amount (weight) thereof is 
between 0% and 20 % so as to adjust the viscosity and homogeneity of the 
mixted solution. 

In the present invention, the content (weight) of the monomer having or 
able to introduce ion exchange group in the mixed solution for dipping 
microporous polypropylene film is 30-100%. A low content would result in the 
decrease of electrochemical property of the membrane obtained. 

The temperature and time for dipping the microporous polypropylene film 
in mixed solution varies depending on the types of the monomer and accessory 



ingredients. The temperature is generally from 0 °C to 50 °C, and the dipping 
time is 0.1-2.4 hours. In order to facilitate the uniform distribution of monomer 
solution dipped in the micropores of basal lamina, a surface treatment method 
may also be used to confer the the. surface of basal lamina material 
hydrophilicity. 

The polymerization conditions such as temperature, pressure and the like 
in the present invention varies according to the types of the monomer and 
accessoiy ingredients. The reaction is usually performed below 100°C, more 
preferably 50-100°C. The reaction time is between 30 minutes and 24 hours. 

The method for introducbg ion exchange groups in the present invention 
may be selected from the group consisting of hydrolysis in an acid or alkali 
solution, sulfonation, chloromethylation, aminization. In the case of 
introducing an acidic ion exchange group by sulfonation, the sulfonating agent 
maybe selected from concentrated sulphuric acid, chlorosulfonic acid, sulfuric 
chloride, fuming sulfuric acid or sulfur trioxide. The temperature and time of 
sulfonation reaction depends on the sulfonating agent and concentration 
thereof. The sulfonation temperature is typically below 90°C, preferably 20°C - 
70°C. 

The membrane obtained in the present invention may be washed with acid, 
alkali, brine, organic solvent or water. 

The ion exchange membrane obtained in the present invention has a good 
combined properties, for example, high electrical conductivity, high 
permeation selectivity for ion., resistance to solvent swell, excellent mechanical 
property, and good chemical stability. Further, the preparation method of the 
ion exchange membrane according to the present invention is easy to practised 
and suitable for production in a large scale. The present invention is very 
promising to be used in separating process such as desalting-purification, 
concentrating-separation, diffusive dialysis, pressure filtration, pervaporation 
and the like, electrochemical preparation such as displacement, hydrolysis, 
double decomposition as well as fuel battery. 



Example 1 

79 parts of acrylic acid, 10 parts of divinyl benzene, 9 parts of distilled 
water, and 2 parts of benzcperoxid was mixed into a solution. Then the 
microporous polypropylene membrane stretched in double-axe method with a 
porosity ratio of 36%, an average pore size of 0.05um and a thickness of 30 
um was dipped into the mixed solution. A weak acidic cation exchange 
membrane was obtained after polymerizing for 4 hours at 70°C. The exchange 
capacity of the resulting membrane was 5.02 meq/g, its surface resistance is 
1.8Q.cm 2 (0.5N, in aqueous NaCl solution), the static migration constant of 
sodium ion is O.96(0.5N NaCI/1.0 N NaCl aqueous solution), folding angle is 
0°, Young's modulus is 2.70Gpa, tensile strength is 75Mpa, the elongation at 
break is 40%, and the swell degree along the membrane surface in pure water 
is less than 1.5%. 

Example 2 

97 parts of butyl acrylate, 2 parts of divinyl benzene and 1 part of 
benzoperoxid was mixed into a solution. Then a microporous polypropylene 
membrane same as that of example 1 was dipped into the mixed solution for 30 
minutes, polymerizing at 70°C for 16 hours. Thereafter the original composite 
membrane was hydrolyzed at ^0°C in ethanol solution containing 8.0% NaOH 
for 72 hours and washed with water. The exchange capacity of the obtained 
weak acidic cation ion exchange membrane was 5.95 meq/g, its surface 
resistance is 2.0n.cm 2 , the static migration constant of sodium ion is 0.92, 
folding angle is 0°, Young's modulus is 2.50Gpa, tensile strength is 72Mpa, the 
elongation at break is 46%, and the swell degree along the membrane surface 
in pure water is less than 3.0%. 

Example 3 

88 parts of butyl acrylate, 10 parts of divinyl benzene and 2 part of 



benzoperoxid was mixed into a solution. Then a microporous polypropylene 
membrane same as that of example 2 was dipped into the mixed solution and a 
weak acidic cation ion exchange membrane was obtained by the same method 
as example 2. The exchange capacity of the obtained membrane was 5.9 meq/g, 
its surface resistance is 2.0GLctn z , the static migration constant of sodium ion is 
0.96, folding angle is 0°, Young's modulus is 2.56Gpa, tensile strength is 
80Mpa, the elongation at break is 44%, and the swell degree along the 
membrane surface in pure water is less than 1.5%. 

Example 4 

74 parts of styrene, 10 parts of divinyl benzene, 14 parts of dioctyl 
phthalate, and 2 parts of benzoperoxid was mixed into a solution. Then an 
original composite membrane was prepared in the same manner as in that of 
example 2. The original membrane was further sulfonated with chlorosulfonic 
acid/dichloroethane solution (1:4) at room temperature for 40 minutes and then 
washed with dichloroethane and acetic acid, respectively. The exchange 
capacity of the obtained strong acidic cation exchange membrane was 3.4 
meq/g, its surface resistance is 1.3Q.cm 2 , the static migration constant of 
sodium ion is 0.98, folding angle is 40°, tensile strength is 72Mpa, the 
elongation at break is 25%, Young's modulus is 2.70Gpa, and the swell degree 
along the membrane surface in pure water is less than 3.6%. 

Example 5 

5 1 parts of styrene, 24 parts of butyl acrylate, 14 parts of dioctyl phthalate, 
10 parts of divinyl benzene, and 1 part of benzoperoxid was mixed into a 
solution. Subsequently, a strong acidic cation exchange membrane was 
prepared in the same manner as that of example 4. The exchange capacity of 
the obtained membrane was 3.47 meq/g, its surface resistance is 3.0Q.cm 2 , the 
static migration constant of sodium ion is 0.94, folding angle is 10°, Young's 
modulus is 2.60Gpa, and the swell degree along the membrane surface in pure 

8 



water is less than 2.5%. 



Example 6 

An original composite membrane was preparaed with the same mixed 
5 solution, and method as example 2 and then chloromethylated with 
chloromethyl ether/dichloroethane solution, aminated with saturated 
trimethylamine/ethanol solution, and washed with ethanol and NaCl solution, 
respectively. The exchange capacity of the obtained strong alkalic anionic 
exchange membrane was 3.30 meq/g, its surface resistance is 1.5£lcm 2 , the 
io static migration constant of sodium ion is 0.97, folding angle is 40°, Young's 
modulus is 2.80Gpa, tensile strength is 80Mpa, the elongation at break is 40%, 
and the swell degree along the membrane surface in pure water is less than 
1.2%. 

15 Example 7 

99 parts of glycial acrylate, 0.5 parts of divinyl benzene, and 0.5 parts of 
benzoperoxid was mixed into a solution. An original type composite 
membrane was preparaed by the same method as example 2 and then aminated 
with 25% aqueous trimethylamine solution. The exchange capacity of the 
20 obtained strong alkalic anionic exchange membrane was 3.18 meq/g, its 
surface resistance is 3.2f2.cm 2 , the static migration constant of sodium ion is 
0.96, folding angle is 0°, Young's modulus is 2.80Gpa, tensile strength is 
78Mpa, the elongation at break is 60%, and the swell degree along the 
membrane surface in pure water is less than 0.5%. 
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Claims 



1. An ion exchange membrane based on the microporous polypropylene 
film, characterized in that: 

(1) it is consisted of microporous polypropylene film with a thickness of 
15-50 urn prepared by biases stretching method and ion exchange resin 
thereon, said ion exchange resin having or being introduced with strong or 
weak acidic cation exchange group, or strong or weak alkalic anion exchange 
group; 

(2) mechanical property end mechanical homogeneity: 

the tensile strength in each direction of membrane surface is 60-150Mpa, 
the elongation at break is more than 20%, at most 150-200%, Young's modulus 
is 1.0-3.0Gpa and the folding angle is 0°-45°, 

(3) compound quantity of ion exchange resin: the compound quantity of 
the membrane is 20-70%, the ion exchange capacity is l.5-7.0meq/g, 

(4) conductivity and ion permeation selectivity of the membrane: 
surface resistance of the membrance is 0.0 J -20Q.cm 2 , and selective static 

migration constant of ion is 0.80-0.99; 

(5) Acid/alkali resistance and swelling resistance of the membrane: 
degree of swelling in water is 0-5%. 

2. An ion exchange membrane based on the microporous polypropylene 
film according to claim 1, characterized in that the compound quantity of the 
membrane is 30-70%, surface resistance is 0.01 -5acm 2 , selective static 
migration constant of ion is 0.85-0.99, and folding angle is 0°. 

3. A preparation method for the ion exchange membrane based on the 
microporous polypropylene film, characterized in that an one-step method and 
a two-step method may be applied in process route: 

a. one-step method: mixing one or more kinds of monomer with ion- 
exchange group and other acsessory ingredients to form a mixed solution, 
dipping a microporous polypropylene film in the mixed solution, obtaining an 



ion exchange membrane by polymerizing the monomers in the micropores 
film, and achieving finished product after washing; 

b. two-step method: (1) mixing one or more kinds of monomer able to 
introduce ion exchange groups, and other accessory ingredients to form a 
mixed solution, dipping a microporous polypropylene film in the mixed 
solution, obtaining an original type composite membrane by polymerizing the 
monomers in the microporous film, obtaining an ion exchange membrane by 
introducing ion exchange groups into the original type composite membrane, 
and achieving finished product after washing. 

4. The preparation method for the ion exchange membrane according to 
claim 3, characterized in that the monomers having or able to introduce ion 
exchange groups may be addition polymerization type or condensation 
polymerization type, and its polymerization reaction may be addition 
polymerization reaction or condensation polymerization reaction, and 
polymerization method comprises polymerization with initiator, 
polymerization initiated with ihermo, polymerization initiated with UV ray or 
polymerization initiated with radiating of y-ray. 

5. The preparation method for the ion exchange membrane according to 
claim 3, 4, characterized in that the monomers having or able to introduce ion 
exchange groups may be selected from the group consisting of styrene, p- 
styrene sulfonate, chloromelhyl styrene, p-aminostyrene, p-methylamino 
styrene, /j-dimethylamino styrene, vinyl pridine, 2-methyl-5-vinyl pridine, 
acrylic acid, methyl acrylate, ethyl acrylate, butyl acrylate, glycidyl acrylate, 
methylacrylic acid, glycidyl methylacrylate or mixtures thereof, said 
condensed type monomer having or able to introduce ion exchange groups may 
be selected from the group consisting of sulfocarbolic acid, p- 
hyoxybenzylsulfonic acid, o-hydroxybenzoic acid, aniline, m- 
phenylenediamine, ethyleneciamine, diethylene triamine, tetraethylene 
peatamine, p-methyl phenyl sulfonic acid, melamine, guanidine carbonate, 
dicyandi amide, ethyleneimine, dimethyl(4-hydroxybenzyl)amine, m-methyl 



phenthylamine and formaldehyde, polyformaldehyde, ethanedial, furaldehyde 
and acetone, and the content of said monmers in the mixed solution is 30- 
100%. 

6. The preparation method for the ion exchange membrane according to 
claim 3, characterized in mat said accessory ingredients may be selected from 
initiator, cross-linking agent, flexibilizer, plasticizer, inorganic or organic 
solvent,, wherein the initiator may be common azodiisobutyronitrile and 
benzoperoxide, and the content thereof in mixed solution is 0-5%; the cross- 
linking agent may be selected from the group consisting of divinylbenzene, 
butadiene, ethylene glycol dimethylacrylate, diethylene glycol 
dimethylacrylate, trielhylene glycol dimethylacrylate, divinyl ether, phenol, 
cresol, resorcin, and the content thereof in mixed solution is 0-40%; the 
flexibilizer used in the present invention may be butadiene, styrene and the 
content thereof in mixed solution is 0-40%; the plasticizer may be dioctyl 
phthalate, dibutyl phthalate, and triphenyl phosphate, and the content thereof in 
mixed solution is 0-30%; the inorganic or organic solvent may be a common 
solvent such as water, carbon tetrachloride, ethylene tetrachloride or 
dichloroethane and the content thereof in. mixed solution is 0-20%. 

7. The preparation method for the ion exchange membrane according to 
claim 3, characterized in that the temperature and time for dipping the 
microporous polypropylene film in mixed solution is 0-50 °C and 0.1-24 hours, 
respectively. 

8. The preparation method for the ion exchange membrane according to 
claim 3, characterized in that the dipped monomer is subjected to reaction, at 
50- 100°C for 30 minutes to 24 hours. 

9. The preparation method for the ion exchange membrane according to 
claim 3, characterized in that the method for introducing ion exchange groups 
may be selected from the group consisting of hydrolysis, sulfonation, or 
chloromethylation and aminization, wherein in the case of introducing an 
acidic ion exchange group ty sulfonation, the sulfonating agent may be 



selected from concentrated sulphuric acid, chlorosulfonic acid, sulfuric 
chloride, fuming sulfuric acid, sulfur trioxide and die temperature of 
sulfonation is 20-70°C. 

10. The preparation method for the ion exchange membrane according to 
claim 3, characterized in that the membrane may be washed with acid, alkali, 
brine, organic solvent or water. 
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